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ABSTRACT 
Keratinocytes from normal human skin and p~orilll-is lesions were propagated in vitro. 
Several substances known to increase intracellular levels of cyclic AMP were added to the in 
vitro systems. These caused a decrease in mitosis by blo<·king cells in the G2 pori ion oft he cell 
cycle. For both normal and psoriatic cells. the mitotic response was qualitatively and 
quantitatively similar. The rel'ults support other studies in which it has not been possible to 
demonstrate significant qualitati\'e differences between normal and psoriatic keratinocytes 
in vitro. 
The mechanism by which the rate of epidermal 
keratinocyte proliferation is re~ntlated is unkno\.\'11. 
Recent interest has centered on a possible role for 
adenosine 3': 5' -cyclic monophosphate !cyclic 
AMP! [1 ). This compound, di~covered by Suther-
land and Rail (2 ). affects se\'eral biologic functions 
of both normal and cancer cells in \'it ro [3 -5 ). For 
example, agents that inhibit proliferation of sev-
eral kinds of cultured cells have been shown to 
increase intracellular levels of cyclic AMP, while 
stimulation of proliferation is accompanied by 
decreases below the normal level [6 8 ). The intra-
cellular level of cyclic AMP is controlled by at least 
two processes: its rate of formation and its rate of 
breakdown. Synthesis of cyclic AMP is catalyzed 
by a membrane-bound enzyme, adenyl cyclase, 
with ATP as the substrate and inor~ranic pyrophos-
phate as the by-product. Degradation of cyclic 
AMP is catalyzed by cyclic AMP phosphodiester-
ase, with 5'-AMP as the product. It has been shown 
that the activity of these two enzyme:-; may be 
affected by various chemical agents. For example, 
adenyl cyclase in many systems is stimulated by 
catecholamines and sodium fluoride !NaF) [9. 10], 
thus raising intracellular levels of cydic AMP. On 
the other hand, the phosphodiesterase can be 
inhibited by methylxanthines such as theophylline 
and caffeine [11 ]. also leading to a rise in cyclic 
AMP. 
Using an in vitro as:say, Voorhees et al [1] 
reported that addition of dibutyryl adenosine 
3' :5'-cyclic monophosphate (dibutyryl cyclic 
AMP) caused inhibition of keratinocyte mitosis in 
mouse ear epidermis. This derivative was used 
because exogenous dibutyryl cyclic AMP enters 
cells more readily than cyclic AMP. where its 
breakdown product mimics the effect of cyclic 
AMP [12]. Studies of the response of human 
keratinocytes in vitro t.o agents that effect the 
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cyclic AMP system have not yet been reported. We 
consider such studies to be impurl unt because the,.. 
abnormal keratinocyte proliferation of p~uriasis is 
thought by snme investi!(lltor~ to he due to a I 
breakdown in regulation of the cyclic AMP system 
[1. 1:{). In the present in\'e!>tigation we have 
studied the normal human keratinocvte response 
in \'itro followin~ addition of :;orne· of the ;.uh- ~ 
stances known to affect or be involved in the .., 
metaholi;.m or cvclic AMP. In addition, we have 
studied the resp~nse of psoriatic cells in culture to , 
the same compounds. Due to difficulty in obtain-
ing amount;. of psoriatic ,;kin suflicient for exten-
sive experimental studies. the number of studies 
h~ been limited in scope. 
.\fATF.RIALS AND METIIODs 
Experimenh were performed on 7- to 9-day-old out -
~owth culture~ comprised of epitht:lial cells lkeratino-
cyte~) dcri\'ed from the epidermi~. The identity of these 
cell~ hal'\ prc\'iously been established ll·I- 17J. Each 
normal culture dish contained 4 5 ex plants of skin held 
on a ~las.o; coverslip by a dot of chick embryo extr11ct and 
plasma. Due to the relative unavailahihty ot skin from I 
psoria~is lesion~. each psoriatic cell culture had only 2 
explant" on a co\'erslip. All culturt~~ were immen;ed in . 
Ea11le' minimal e~"ential medium containin~ 10% fetal 
call serum and 100 U/ml each ot' penit'illin. "'r~ptumycin, 1 
and mn·ostatin. Cultures were incubated at Ji°C in a 
high-h~midil\' incubator in a mixture ut 5% carbon ~ 
dioxide in air. 
All compounds tested were of hil(hest punty and 
obtained I rom Sigma Chemical Cu. To E'XHmine the effect 
on mitosis, each te~t subst11nce was dissolved in warm -~o 
culturP lluid and an aliquot was added to each culture 
alon~t with the metaphase arrest a~cnl, coltemid (2 ~ 
~tldmll , for ·I hr. The aliquot was never mure than I 
percent of the total volume of the test culture dish. The 
culture~ wen.' fixed in buffered formalin, explants were 
removed, and the coverslips were stained 111 ttcid hema- 1 
toxylin . The mitotk index 1:\111 which represents the 
proportion of arrested metaphases tu the total number of 
cells in each uutgrowtht was determined. The ~tal1slical 
significance ot the data obtained fur each experiment 
with nunnal cells was evaluated hy using Student 's t-test 
t Chopra DP: The rontrol of rell division in the 
l'mbryoni~· nnd mature amphibian kidne\'. Ph.D. Thesis, 
University nl :\ew,·&stle-upon-Tyne, England, 1971. 
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•· lor unpnired data. Th1s could not be accomplished with 
the ~oriatic celh; s ince each expenmental dish contained 
t onlv 2 outgrowths. 
various chemicals to the culture medium. As 
expected, dibutyT)-1 cyclic AMP inhibited mitosis 
significantly in concentrations down to 1 10 6 M. 
Epinephrine and tts analogue. isoproterenol, were 
potent inhibitors in micromolar concentration~. 
Such inhibition was to be expected since there is 
now accumulating evidence that in ep1dermis epi-
"' 
RESULTS 
• Outn in the Table show the response of normal 
human keratinocytes to the exogenotts addition of 
TABLE 
Effect of L•orious chemrcal aRents em m tosi~ of keratmocytes from normal human ~kin and psonas1s lesion.s m l'itro• 
·-r-
'\ormnl Human Skm P~•niasi& Le"on, 
Cnmpn und C'nnciMI ~11 so. % Ml <;;, 
C'nntwl ,.~~· lnh1biuon Control Test lnh1b1tinn 
Dibutyryl rye l1cAMP I 10 • 1-Lfi r 2.2 6.6 ' 1.7 61 15.7 7.0 55 
Cp < .0011 
24 .7"' :3.0 I l.U : 2.8 55 7..'i 3.8 49 
.. lp < .001! 
I • 1U . 1·1.5-" 2.2 i.;J ~ 2.1 50 15.7 7. 1 55 
(p < .001) 
I X lO • l·t5 "'2.2 9.1 "'3.3 :n 
IP < .0251 
• Epinephrine -1.5 • 10 • 19.5 X 5.2 ·1.9 :.: l.U 75 15.7 5.5 6.5 
lp < .001) 
4.;) ~ Ill • 17 .·1 .i 1.-1 6.6 t 1.5 62 15.i i.O 55 
lp 001) 
19.5 "'5.2 49 1.0 75 7.5 3.0 60 
: (p < .0011 
11.2 2.8 75 
lsoprlll~r ... nul I ~- 10 • 23.6 "'5.8 8.9 ± 0.8 62 20.4 -., 
'·-
65 
(p < .0011 
I :t5 ±. :3.2 6.2 .± l..t 54 1:1.1 7.4 44 
(p < .001J 
I • w-• 23.6 ±. 5.8 12.2 .lo 0.8 48 13.1 3.9 70 
lp <.OOll 
1:1.5 ± :1.2 6.5 l 1.0 52 20A 6.5 68 
(p < .001) I 
Histamine 1 X 10 1 20.2 ± 2.7 7.4 ± 0.8 63 1:!.1 4.4 66 
(p < .001) I 2.i.8 "' .u; 11.8 .± ~.5 I 54 15.7 3.2 80 (p < .001) 
1 X )0 ° 20.2 ~ 2.7 6.4 ± 3.5 I 68 I:U 3.9 70 
Cp < .0011 
2fi.8 ± 4.8 11.1 ± 1.7 57 15.7 5.5 65 
lp .00 1) 
Sndtum fluor 1de 1 • 10 I 25.8 .t 4.8 10.9' 1.9 58 l :l.l 5.5 58 
lp .001) 
10.1"' 1.7 3.4 ± 1.7 66 7.5 3.9 48 
(p < .001) 
I " 10 • 10.1 ± l.i 10.2 ~ 1.8 0 15."i 13.9 11 
(p > .400) 
I >< 10 • 2S.8 .t: 4.8 19.6 tt. 0.8 I 24 I 15.7 11.·1 27 
!<.0251 
13.9 -r 4.1 1:1.6 2.8 cl" 8.4 35 lp > .450) I , w-· 25.11 ± 4.8 21.9 ± :!.7 1-1.7 9.7 38 (p liXll 
-- -
Theophylline 
• ReHults ol each experiment are li,ted separately. For normal ,km, p values 0.05 are cont-idcred to be statistically 
significant. ...,tRllstical analy~e, for p~ortaM» t•ultures are not listed because of madequate number of samples. 
:0.1 I u.the proportion ol arre:.ted metapha;;es per l.UOO cell~ accumulated during the 4-hr peru>d followmg colcem1d 
treatment. 
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nephrine acts via adenyl cyclase which is coupled 
to a P-adrenergic receptor [18]. Sodium fluoride, 
which stimulates adenyl cyclase, exhibited strong 
inhibition at 1 " 10- 2 M. but the effect was not 
seen at 1 "- 10 3 M. The very high concentration 
needed for inhibition has been noted in other 
systems. For example, it has been reported that 
maximum stimulation of adenyl cyclase by NaF 
occurs at 1 · 10· 2 M in broken cell preparations of 
epidermis [13. 181. Histamine, which has been 
reported to be an activator of adenyl cyclase in 
brain slices [19 ). was a strong inhibitor of mitosis 
at 1 x 10 • M. TheophyUine. which acts by 
inhibiting cyclic AMP phosphodiesterase. had very 
little effect on mitosis in normal cells. · 
The Table also illustrates the response of kerati-
nocytes from psoriasis lesions in culture. With the 
possible exception of theophylline, the response of 
psoriatic cells to the various chemicals was similar 
to that of the normal cells. 
DISCUSSION 
It is clear from our result!; that psoriatic kerati-
nocytes in vitro responded to the various com-
pounds in the same manner as did normal cells. 
This is consistent with other studies suggesting 
thal psoriatic cells may not really be abnormal 
keratinocytes in the sense that they are qualita-
tively different from normal cells. For example, 
mitosis of psoriatic cells in vitro is inhibited to the 
same degree as normal cells by water-soluble 
extracts (chalone) of human skin [16]. Further-
more, there is no significant difference in prolifera-
tive capacity in vitro in terms of the length of the 
cell cycle [171. 
ll cannot be concluded with certainty that the 
response of normal and psoriatic cells to theophyl-
line was the same. Comparison of values in the 
Table shows that the psoriatic cells were inhibited 
to a greater degree than lhe normal cells. However, 
since the in vitro assay employed is somewhat 
variable and since. in addition, it was not possible 
to perform statistical analysis on the psoriatic cell 
data, we feel that the apparent difference in 
response is probably not sign ificanl. ll should also 
be pointed out that while theophylline does not 
cause significant mitotic inhibition of normal cells 
in the 4-hr test system, it does cause significant 
inhibition (70% ) in an 8-hr rest system (unpub-
lished results) . This would be more consistent with 
the response predicted on the basis of its mecha-
nillm of action [11]. 
To our knowledRe. the effect of fluoride on intact 
cells is unusual. Although a high concentration of 
fluoride ion (10 • Ml was needed to inhibit mitosis, 
no toxic effect was observed by light microscopiC 
criteria. The fact that 11uoride is an inhibitor of 
numerous enzymes including kinases and phos-
phatases [20 1. leaves iL'i possible effect on adenyl 
cyclase in doubt. However, it is known that fluo-
ride stimulates the particulate adenyl cyclase of 
many vertebrate tissues (21 ). 
Many of the results of the present study are 
similar to findings using organ cultures of mouse 
ear epidermis. In normal mouse epidermis there 
are large numbers of cells in the G1 portion of the 
cell cycle at any given moment [22, 23 ]. Upon 
being placed in vitro, many of these cells enter 
mitosis within a very short period of time, so that 
the MI rises greatly. Since dibutyryl cyclic AMP 
prevents this rapid rise in Ml, it has been assumed 
that the agent prevents cells in G, from entering 
mitosil:,. In the present experiments. all agents 
inhibiting mitosis of human cells also appear to act 
via a 0 2 block. Since the assay covers only a 4-hr 
period and G2 is known to last about 7 hr [241 the 
decrease in Ml could only be due to an inhibition in 
G1 • Preliminary observatiom; using tritiated thy-
midine and radioautographic techniques to study 
DNA synthesis support the conclusion that the 
effect seen after 4 hr is on G, and not on other parts 
of the cell cycle <Chopra, unpublished results). ... 
With regard to histamine, there was a striking 
difference between the mouse and human systems. 
In the mouse, histamine stimulates mitosis by 
activating cyclic AMP phosphodiesterase [25). In 
our ' ' in vitro" human cell system, histamine ex-
hibits strong mitotic inhibition at concentrations 
between 10 2 and JQ - • M. The possibility exists 
that histamine is exhibitin~ its influence on mito-
sis hy activating the membrane-bound adenyl 
cyclase. Such activation would lead to a rise in 
cellular cyclic AMP, thus causing mitotic inhibi-
tion. The activation of particulate adenyl cyclase 
from various systems has been weU documented 
[19, 26, 27). The reason for the species difference is 
not yet clear but the findings stress the importance 
of care in extrapolating data from nonhuman to 
human systems. 
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